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The complete requirements for early embryo development in vitro of the 
ovine and other domestic species remain unknown. Many studies have 
concentrated on new media, supplementation, and gas atmosphere 
formulations. 
A newer approach is to coculture early embryos with different cell types 
to provide the physico-chemical requirements for their development. 
In this study, oviduct epithelial (OEC) and dissociated embryo cell (DEC) 
growth were tested in minimum essential media (MEM) and RPMI. Media were 
supplemented with fetal calf serum (FCS) and equine derived serum (EDS). 
Fetal calf serum supported maximum cell confluence in OEC collected on day 3 
and day 13 post-estrus. Although at a slower growth rate, DEC developed 
faster in FCS-supplemented media. Cell growth was slower for EDS-
supplemented media in all treatments. 
As a result, FCS-supplemented media were used to evaluate early 
embryo growth in various coculture systems. In MEM + OEC, 67% of 1- to 1 0-
cell embryos developed to the hatched blastocyst stage (following 8 days of 
culture). In MEM+DEC, 66% hatched after the same time period. In control 
treatments (no exogenous cell layers), all embryos degenerated. When early 
embryo development was compared between St .Croix and Targhee-type 
breeds in MEM+OEC and RPMI+OEC, no significant differences were observed. 
The improved results obtained with coculture systems may provide an importani 
V III 
method for assessing the viability of embryos following micromanipulation 
techniques (such as splitting, gene transfer, or following long periods of 
freezing) . The nature of the beneficial action of these coculture systems remains 
unknown. ( 56 pages) 
CHAPTER I 
INTRODUCTION 
Embryo culture of the early stage (one cell to the expanded 
blastocyst) remains an uncertain process with regard to nutritiona l and 
physico-chemical requirements . 
Until recently , experiments in which embryos were cu ltured in vitro 
resulted in only small proportions of embryos developing or surviving after 
transfer. Embryos consistently failed to develop when transferred to recipient 
mothers. 
The search for a more suitable environment for the in vitro culture of 
embryos led to the development of coculture systems. "Feeder" cell layers 
were grown to enhance the chances of normal embryo development. 
A wide variety of cells has been utilized for coculture systems, i.e., 
fibroblasts (1 ), hepatocytes, and endometrial cells (2) . Most of these cell 
types resulted in only small gains in viability. However, two specific feeder 
cells provided a large increase in embryo development and viability in in 
vitro culture conditions. 
The addition of trophoblastic vesicles (grown from the trophectoderm 
of dissociated, post-hatched blastocysts) to culture media facilitated the 
cleavage of early embryos to the late-morula and blastocyst stages (3) , (4). 
Embryos cocultured with oviduct epithelial cell layers have also 
yielded promising results (5), (6) , (7), (8). This technique is based on the fact 
that embryos have been shown to cleave regularly in oviducts of foster 
mothers, in some cases of different species (9). 
The positive effects of trophoblastic vesicles and oviduct epithelial 
cells in coculture systems are thought to be mediated through compounds 
released by the feeder cells into the medium. The biochemical 
characteristics of these embryotrophic factors are unknown . The 
characterization of these compounds would provide for a more efficient 
culture media. This would allow in-depth studies of basic embryological 
processes, as well as enhance the development of new techniques of 
embryo manipulation through genetic engineering. 
Objectives 
The major objectives of this study were to 
(1) compare the growth of two types of ovine feeder cell layers (embryo 
trophoblast cells and oviduct epithelial cells) cultured in two media (RPMI 
1640 and MEM) in two supplements (FCS and EDS), 
(2) compare early ovine embryo development using the best media 
and supplementation in Experiment 1 with trophoblast and oviduct 
epithelial cells, and 
(3) compare early embryo development of two breeds of sheep 
(St.Croix and Targhee) in an oviduct epithelium coculture system in MEM 




The landmark in the study of early mammalian development in vitro was 
established by Walter Heape's embryo transfer experiments in 1891-1897 
(9) . Heape was studying the artificial nourishment of embryos in order to 
mimic the environment of the female's reproductive tract. He also attempted 
the first transplantation of mammalian ova to the uteri of foster hosts. 
During the years 1912 and 1913, the Belgian scientist Brachet became 
involved in the culture of rabbit blastocysts (1 0) . He was successful in that 
he could observe the development of rabbit embryos in vitro for periods of 
up to 40 hours. Brachet used blood clots to grow rabbit blastodermic 
vesicles. 
Until 1949, the rabbit was used almost exclusively in experiments on 
early embryonic development. In the 1950s studies began on the mouse 
embryo. Soon it was established that mouse embryos require far less 
complex media for in vitro development than rabbit embryos. 
The first major success in the culture of preimplantation embryos was 
achieved by John Hammond, Jr. (11 ). He was able to culture 8-cell mouse 
embryos in vitro to the blastocyst stage. The medium that he used was a 
physiological saline solution supplemented with egg white and yolk. While 
carrying out a similar experiment with 2-cell mouse embryos, he observed 
that the very early embryos failed to develop. This was the first suggestion 
that successful in vitro embryo development is dependent on the age at 
which the embryo is collected and placed in culture. This is now referred to 
as a developmental block. 
Whitten developed a more complex medium by adding glucose , 
antibiotics, and egg white supplements to Krebs-Ringer solution (12), (13) . 
He was able to routinely grow mouse embryos from the 8-cell to the 
blastocyst stage. Later he reported that egg white can be replaced with 
bovine serum albumin at varying levels of concentration (13). 
Me Laren and Biggers (14), combining the culture media developed by 
Whitten (15)with their own perfected transfer techniques, were able to culture 
3 
mouse embryos from the 8-cell to the blastocyst stage. Then they transferred 
them to synchronized host-recipients, which resulted in subsequent normal 
development. 
Since the first successful in vitro culture of embryos, an enormous 
amount of time and effort has been invested in the study of mammalian 
reproduction. Innumerable techniques, media, and supplementation have 
been applied to the culture of embryos. However, even today scientists are 
faced with many of the same limitations encountered by the early pioneers in 
in vitro mammalian embryo culture. 
Types of Culture. 
Wright , Jr. and Bondioli (16) defined two types of systems for the 
culture of early-stage embryos. These were designed to meet two objectives. 
One system was developed for long-term culture (days) . It incorporates 
various media, gas atmospheres, and embryo-handling techniques. The 
other system is for short-term culture (hours), where embryos are suitably 
held before being transferred to host-recipients. 
Kane (17) identified a third reason to culture embryos: Often morula 
are grown to blastocysts in vitro to check for viability of embryos following 
freezing or splitting. 
Today it is possible to culture embryos of most domestic species for 
short periods of time with little loss in viability. This does not apply, however, 
to long-term embryo culture . Embryos of the bovine, ovine, and caprine 
species that are collected from the uterus (> 8-cell stage) will grow and 
develop in a wide variety of media, although they are poor c<:mdidates for 
transfer if held in culture for longer than 4 days. Embryos of a lesser stage of 
development (::;; 8-cell), as encountered in the oviduct, develop poorly in 
synthetic media. The need for synthetic media to culture the early-stage 
embryo has been the focus of attention of many recent studies. 
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A reliable method of culture of the early embryo is critical for the 
embryo transfer industry. Recent innovations in embryo technology, e.g., 
nuclear and gene transfer and in vitro fertilization, will have limited 
application until suitable media or culture systems are developed. To date, in 
most studies where early stage embryos have been cultured , only a few 
cleavages have occurred. In general, the early embryo is halted at specific . 
stages in its development . This phenomenon is known as the in vitro cell 
block. The block in development has been reported in several species. It 
occurs consistently at specific cell stages in each species. 
Blocks occur in the mouse at the 2-cell stage (18); in cattle at the 8- to 
16-cell stage (19), (20) , (2), (3) ; and in sheep at the 8- to 16-cell stage (21 ), 
(22), (3) , (7). The mechanisms responsible for this arrest in development are 
still unclear. It has been hypothesized that blocks in development occur due 
to a lack of one or more nutrients in the artificial media. 
The activation of the embryonic genome coincides in some species 
(mouse) with the sudden arrest of embryo development in culture . Goddard 
and Pratt (22) suggested that the critical block phase may be affected by the 
synthetic environment more than any other embryo stage. It is possible at 
that point of development the lack of some nutrient, probably a protein , limits 
further development. 
Bavister (23) noted that, with the exception of the rodent embryo, the 
block of development occurs at the critical stage when the embryo is 
undergoing the passage from the oviductal to the uterine environment. 
A Review of Ovlne Embryo Culture. 
Many aspects of in vitro culture of the ovine species were adapted from 
experiments performed with laboratory animals. Robinson (24) reported the 
first successful culture of ovine embryos utilizing ovine serum medium. 
Hanckock (25) cultured preimplantation ovine embryos in Whitten's 
media and transferred them to recipient ewes after 24 to 48 hours of culture. 
Three out of 15 survived. 
Tervit published several reports of experiments involving the culture of 
preimplantation ovine embryos. After unsuccessful attempts in 1969, Tervit et 
al. were able to culture ovine embryos to the blastocyst stage (20). In 1974 
Tervit and Rowson were able to culture 2- to 4-cell embryos for 5 days and 
transfer them to synchronized recipients (21 ). Pregnancy rates ranged from 
37% to 55%. The medium Tervit developed and used for this experiment 
was synthetic oviductal fluid (SOF), and its composition was based on the 
biochemical studies of oviductal fluids by Restall and Wales (26) . 
When attempting to culture 1-cell ovine embryos, Tervit and Rowson (21) 
found that some development took place in culture conditions. When the 
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cultured embryos were transferred to suitable recipients, they failed to 
survive. Tervit and Rowson believe that the lower viability of earlier embryos 
was due to longer culture conditions than for later-stage embryos (21 ). 
Findings in later experiments were consistent with those encountered by 
Tervit and Rowson (21 ), in that 1-cell embryos did not undergo normal 
development in culture and failed to undergo further development following 
transfer, even when various culture conditions were used (27), (28), (29) . 
For many years synthetic oviductal fluid was the best medium for the 
culture of both early-and-late premorula stages (29) . This, along with other 
later findings, was the basis for further research on oviductal secretions and 
the oviductal environment that led to coculture systems using oviductal 
epithelial cells. 
The Role of the Oviduct. 
The oviduct plays several important roles in the reproductive processes 
of many species. It is the site of fertilization and early development of the 
embryo (8-to 16-cell stage in the ewe) (30). 
Embryos removed from the oviduct will slow their development (8). 
Blocks to development in vitro occur in most species at the oviductal phase 
(23). Growth of early stage embryos can occur in foster oviducts of species 
different from the embryo genotype. Averill and Rowson (31) cultured early-
stage sheep embryos in the rabbit oviduct for 4 - 5 days. All of the embryos 
showed some development. 
Lawson et al. (32) reported that 83% of bovine embryos cultured in the 
rabbit oviduct underwent regular development. In a similar experiment, 
Boland (8) reported that 70% of bovine embryos transferred to a rabbit 
oviduct developed normally. 
Similar interspecific studies have been conducted using the rabbit 
oviduct with pig, horse, goat, and mouse embryos (8). From these studies it 
was concluded that the oviductal environment of different species have 
similar characteristcs that enable embryos to develop. Most of the 
characteristics of the oviductal environment that sustain early embryo 
development have not yet been determined. 
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The Histology and Secretions 
of the Oviduct. 
As observed by Restall and Wales (33) , the fallopian tube of the ewe is 
lined with pseudostratified columnar epithelium. Variation in the height of the 
cells can be observed along the tube. The ampullary region contains the 
highest cells , the isthmic region the shortest. In addition , cycl ic changes 
throughout the estrus period affect the height and physiology of the 
epithelium. Epithelial cells reach their maximum height along the length of 
the oviduct at estrus and metaestrus. Foldings of the mucosa are present 
along the tube. These foldings increase in number at estrus and metaestrus. 
Also, a great number of secretory cells are concentrated in the ampullary 
region , which indicates that secretory activity is highest in that region of the 
oviduct. The secretory cells of that region produce mucoproteins and 
mucopolysaccharides (30). 
Restall and Wales (26), in another study, analyzed the chemical 
composition of the fallopian tube of the ewe. The main cation found was 
Na+, and Cl- was the main anion. Smaller amounts of K+ , Mg++, Ca++, 
phosphate, and bicarbonate were detected. Restall and Wales (33) also 
found that the concentration of these electrolytes in the oviductal fluid 
differed somewhat from that in the blood plasma. The levels of Na, K, Ca. 
Mg, Cl, and bicarbonate were slightly higher. Glucose was not detected in 
the fluids ; however, a considerable amount of lactate was found (mean of 
2.95 mmoles/ml) . The source of lactate production is thought to be the 
oviduct epithelium. Phospholipids were also present, which provides an 
alternative energy substrate to lactate. 
Petzholdt et al. (34) found varying pH values in the oviduct. The pH 
decreases from the infundibulum to the isthmic region (rabbit) . 
Dies (35) used electrophoresis techniques to study the proteins 
present in the oviductal fluid of the rabbit. Proteins in the oviduct were 
different from those found in the serum. These differences appeared 
particularly at day 6 following mating. These findings led to the conclusion 
that the use of serum as a supplement in culture systems does not mimic 
oviductal conditions satisfactorily. 
In 1976, Roberts et al. studied some of the components of the oviduct 
and uterine fluids of the ewe (36). They observed that during the first 14 days 
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of pregnancy, the protein patterns of the genital tract were very similar to 
those in the serum fraction . But analysis of a rather large collection of 
oviductal fluid showed the presence of some unique glycoproteins that are 
absent in the serum. The glycoproteins are probably produced as part of the 
mucin substrate secreted by the epithelial cells (37). Glycoproteins alter 
membrane permeability as well as initiate the implantation process. 
Kapur and Johnson (38) studied a glycoprotein (GP 215) secreted in 
the sheep oviduct that they had previously identified in the mouse . This 
glycoprotein was found in the epithelial cells of the cranial region of the 
oviduct, in the oviductal fluid , and in medium conditioned in vitro by oviductal 
tissue. Sequestration of this glycoprotein in the perivitelline space of mouse 
embryos appeared to be selective. The authors suggested that GP 215 
crosses the zona pellucida by diffusion and then is formed or modified to 
avoid outward diffusion. The zona pellucida acts as a selective barrier that 
creates a microenvironment for the embryo. Embryos can develop in zona 
free conditions, but they are generally incapable of surviving following 
transfer. 
The lack of more data on the oviductal secretions and their general 
characteristics has limited any major breakthrough in the formulation of 
media that resembles the oviductal environment. 
Some authors believe that even miniscule variations, such as the low 
Na and high K concentrations in the oviduct, have to be seriously 
considered when culturing ovine embryos (23) . However, it is more likely 
that differences in the major constituents of the oviductal secretions (i.e., ph , 
gas atmospheres, glycoproteins, growth factors) have the greatest effect on 
early embryo development. 
These factors may also have a direct effect on the normal development 
of embryos in vitro. The technical restraints that are encountered when 
studying the physico-chemical characteristics of the oviductal environment 
are responsible for the lack of data. 
It has been observed that embryos develop in a wide variety of media 
(2). Reports regarding the importance of C02 and 02 tension in synthetic 
media have been contradictory (39), (40) . Intrinsic growth factors have been 
found in embryos, but in most cases they have not been isolated (41 ). 
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Since most of the characteristics of the oviductal environment have not 
been clearly defined, researchers have opted to culture tissue or epithelial 
cells of the oviduct in vitro. Striking results have been obtained by 
coculturing embryos with oviduct epithelial cells (5), (6), (7). 
Oviductal epithelium can be collected by flushing the oviduct or by 
scraping away the epithelial cell lining of the lumen. The sheets of cells are 
placed in culture, where they form confluent monolayers. The interaction of 
the epithelial cells with the media has beneficial effects on embryos that are 
cocultured in the same environment. 
Gandolfi and Moor (6) cocultured 1-cell sheep embryos with oviductal 
epithelial cells. Following 72 hours of culture, 97% (1 04/1 07) had cleaved to 
the morula stage, thus overcoming the "in vitro block" . In order to assess 
post-transfer development, 44 embryos were transferred to synchronized 
recipients. When recovered , 80% appeared to have developed normally. 
In a similar experiment by the same authors, embryos were cocultured 
for 6 days. Following that period, 42% of the embryos had developed to 
expanded blastocysts, while 53% were arrested at the morula stage, and 5% 
had degenerated. 
Rexroad and Powell (5) also studied the effects of oviduct epithelial cells 
cocultured with early ovine embryos. Following 72 hours of culture, 80% of 
1-cell sheep embryos had developed past the 16-cell stage. 
In a later study by the same authors, a direct oviductal epithelial cell 
coculture was compared with culture of embryos in media "conditioned" by 
oviduct epithelium. The best results were obtained in the "direct" coculture 
system. The cleavage index in this group, however, was 23% !ower than in 
the immediately transferred embryos. Embryos cultured in the "conditioned" 
media developed poorly. 
The use of coculture systems to promote early embryo development in 
vitro has come about in the last 5 years. For this reason there is lack of 
available data. 
Many questions remain to be answered regarding the biological 
influence of the oviduct on embryos. It is now known that some factors found 
in the ewe oviduct allow sheep embryos to bypass the "developmental 
block" in in vitro conditions. After overcoming the block, development to the 
blastocyst stage is almost assured (6). 
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It is also important to be able to assess the viability of embryos following 
in vitro culture . In recent studies, embryos that appeared normal following 
long-term culture still lacked developmental capacity when transferred to 
recipients (16) , (41), (42). 
Embryo Coculture with 
Dissociated Embryo Cells. 
Embryo coculture with dissociated embryo cells (DEC) has gained 
much attention in the last 5 years. The use of DEC is based on the premise 
that the block to development in the mouse can be overcome by injecting 
cytoplasmic compounds from embryos of mouse strains that do not undergo 
this cleavage arrest (19) . 
Heyman et al. (3) have hypothesized that there is some cytoplasmic 
control of preimplantation development in vitro. A cytoplasmic signal from 
the embryo is also thought to control cleavage of cells and to allow the 
embryo to pass through the in vitro block. Based on these assumptions, 
Camous et al. (19) cocultured trophoblast cells of cattle with early stage 
embryos of the same species . 
As reported by Renard et al. (43), cattle embryos can be grown in culture 
from the morula to the blastocyst stage. Following hatching of the blastocyst, 
when the elongation begins, embryos can be dissected and cultured. 
This method gave rise to vesicles that are commonly referred to as 
trophoblastic vesicles (TV) (19) . Trophoblastic cells will readily divide and 
grow in culture. 
Dissociated embryo cells have been reported to secrete antiluteolytic 
factors when transferred to the uterus. These factors, whether antiluteolytic 
and/or luteotrophic, caused delayed luteolysis in 66% of recipient heifers 
into which one or two TV were transferred (44) , (45) . Prolonged estrous 
cycles (exceeding 25 days) were observed. In sheep, similar experiments 
resulted in 58% of the ewes showing prolonged cycles , which lasted 
between 15 and 54 days . Trophoblastic vesicles also secrete other products 
whose function is unknown at the present time (19). 
Embryos have been shown to produce several growth factors (42). It is 
now believed that some of these factors are produced by the cells of the 
trophoblast. 
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Trophoblastic vesicles have also been utilized to improve the survival 
rate of frozen cattle embryos following transfer (3) . 
Structure of Trophoblastic Vesicles. 
Trophoblastic vesicles, which grow in DEC culture, show numerous 
microvilli on their surface when observed under the microscope. Inclusions 
near the surface are also common , indicating secretory activity . 
Trophoblastic vesicles grow readily in culture , indicating constant uptake of 
media components. 
Heyman and Menezo (44) measured the amino acid uptake of TV in 
culture. He found it to be consistently high during the first 1 0-day period of 
growth. At the end of culture , TV were opened and the internal fluid 
analyzed. A high amount of serum albumin was present in the internal fluid 
of the TV, indicating a membrane uptake mechanism. 
Preparation of Trophoblastic Vesicles. 
Different techniques have been utilized for preparing TV. Heyman et al. 
(44), (45) reported obtaining TV by dissecting elongating cattle blastocysts (4 
to 40 mm in length ). The embryonic discs of these embryos were removed. 
Then the trophoblast was dissected into several pieces and placed in culture 
at 38 C in medium supplemented with serum. Their reports indicate that 
following 24 hours of culture , 90% of the trophoblast pieces had developed 
into spherical trophoblastic vesicles. Some of the TV were stored in culture 
for up to 3 weeks. 
Rexroad and Powell (5) used a different technique for obtaining TV. 
They simply minced whole blastocysts (including inner cell mass). 
Allen and Wright (46) obtained TV from single-cell suspensions of pig 
blastocysts. Cell dissaggregation was obtained by the addition of trypsin to 
Hank's balanced salt solution, which was utilized for flushing the embryos. 
Following exposure for 2-4 minutes, the proteoly1ic activity of the embryos 
was halted by the addition of Minimum Essential Media (MEM) 
supplemented with 10% bovine serum. Clumps of cells were washed three 
times by centrifugation and resuspended in MEM. The cells were then 
seeded into culture flasks and their development observed. Differences in 
TV grow1h of day 14-blastocysts were observed from both embryonic disc-
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free TV and TV with embryonic disc preparations. No differences in 
development were observed between these two preparations. A maximum 
diameter of TV was observed at day 20. 
A Review of Coculture 
Experiments with DEC. 
Until recently most coculture studies involving DEC had been carried 
out with bovine embryos. Camous et al. (19) first reported that the "block to 
development" could be overcome by using this type of coculture system. The 
in vitro block in the bovine occurs at the same stages as in sheep (8-to 16-
cell) (23) . 
Camous et al. (19) found that the percentage of embryos reaching the 
morula stage depended on the stage of development at which they were 
placed in culture . When 1-cell embryos were cultured for 4 days, 42% 
reached the morula stage. Thirty-eight percent of the 2-cell embryos in 
culture developed to morula following the same period. Fifty percent of 4-cell 
embryos and 70% of 8-cell embryos were able to develop to morulae after 3 
days in culture. In all cases, irrespective of original cell stage , improved 
development was observed when compared to control groups. The media 
they used was 82 supplemented with fetal calf serum. 
More recently, Rexroad and Powell cocultured 1-cell ovine embryos 
with TV and compared this system with an oviduct epithelium cell coculture 
system (6) . In their study, cleavage indexes were used to measure embryo 
development in vitro. Their results show that coculture with DEC did not 
increase the cleavage rate when compared to the control group. Ham's F-1 0 
media was used and supplemented with 10% FCS. 
These results contradict Heyman et al.'s (3) experiment, where 1-cell 
ovine eggs were cocultured with DEC. Using 82 medium with TV, Rexroad 
and Powell reported that the percentage of embryos with ~ 16 cells 
following 72 hours of culture was 68% (5) . In 82 medium with DEC and 
supplemented with FCS, the percentage was increased to 75%. To assess 
the post-transfer viability of these embryos in in vitro culture, the embryos 
were transferred to sheep uteri following 3 days of culture. Twenty-three of 
the 29 transferred embryos were recovered. From these , 9 (40%) were found 
to be at the expanded or hatched blastocyst stage. 
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The difference between the results obtained by Rexroad and Powel l 
(5) and by Heyman et al. (3), (4) can be partly explained by the variation in 
the type of media used (Ham's F1 0 vs. B2) , by the differences of the serum 
lots used for supplementation, and by genotypic differences among the 
animals used in the experiments. 
Summary of in vitro 
Coculture with DEC. 
1.Whenever DEC are cocultured with preimplantation ovine and 
bovine embryos, the in vitro cleavage is improved substantially. 
2. Direct contact between embryos and DEC is not necessary. 
3. Media that have been conditioned by DEC show similar 
results to the direct DEC culture method , which suggests that 
certain compounds that enhance embryo development are released 
by DEC. 
4. The nature of DEC secretions and their mechanism of action remain 
unclear. 
5. Heyman and Menezo (45) suggested two theories of how DEC may 
affect embryo development. The "positive action theory" states that 
certain proteins are probably released by the DEC. These substances 
might be bound by albumin molecules and taken up by the embryos. 
The "negative or indirect control" theory applies if the DEC act 
indirectly by neutralizing or inhibiting negative growth factors that are 
present in the senum supplement. 
CHAPTER Ill 
MATERIALS AND METHODS 
This study was conducted at the USU Physiology Laboratory in 
Logan , Utah in December 1987 and January, February, and March of 1988. 
Three experiments were conducted. 
The first experiment was performed to determine the effects of two 
media (MEM and RPMI 1640) and two supplements (equine derived serum 
and Fetal calf serum on cell growth of both sheep oviduct epithelial cells 
and trophoblast cells of 13 day sheep embryos. 
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Based on the results of the first experiment, two other experiments 
were conducted. In one of them (Experiment 2) early-stage sheep embryos 
were cocultured with oviduct epithelial cells and trophoblastic cells. The media 
used in this experiment were MEM and RPMI supplemented with fetal calf 
serum (FCS). 
A third experiment was performed to assess development of Targhee 
and St. Croix breed embryos using MEM and RPMI media supplemented with 
FCS. Embryos were cocultured only with oviduct epithelial cells . Embryo 
development was assessed through microscopic observations based on 
morphological characteristics. 
Experiment 1 : 
Procedures for obtaining late embryos that were used to prepare 
cultures of trophoblastic cells were similar in all three experiments . Eleven 
Targhee ewes were used for obtaining 13 day embryos. 
Ewes were synchronized with intravaginal pessaries (40 mg 
Fluorogestone acetate). Following 14 days of exposure , pessaries were 
removed. Ewes were then superovulated with 24 mg eq FSH. Injections were 
given daily at 8 a.m. and 8 p.m. for 3 consecutive days beginning the day prior 
to pessary removal at a rate of 5 and 5, 4 and 4, and 3 and 3 mg eq per 
injection . 
Fertile rams were introduced for estrus determination the first day of 
injections. Ewes were checked twice daily (8 a.m. and 8 p.m.) on days 1 - 3 
post pessary removal. 
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Embryos were flushed from the uterus under total anesthesia using 
sterile surgical procedures. Dulbecco's phosphate buffered solution (DPBS) 
was used as flushing media supplemented with 10 % FCS and 0.1% 
neomycin sulphate. 
Flushed embryos were rinsed twice in the same medium and placed in 
an embryo bowl containing 5 ml Hank's balanced salt solution (HBSS) with 
0.25% trypsin for enzymatic dispersal. This process took 8 minutes and was 
aided by agitation with a Pasteur pipette. 
Following cell dispersal 10 ml RPM I media supplemented with 10 % 
FCS was added to neutralize the trypsin activity. The cell suspension was then 
centrifuged at 400 Xg. The supernatant was discarded and the cell pellet 
resuspended in 10 ml of the same media. The rinsing procedure was repeated 
three times. Next, the cell pellet was resuspended in 2 ml of the same media 
and seeded evenly into tissue culture flasks containing one of four media. 
(1) Minimum Essential Media (MEM) + 10% FCS + 2% L-Giutamine + 
Penicillin Streptomycin (PS). 
(2) MEM + 10 % EDS + 2 % L-Giutamine + PS. 
(3) RPMI + 10% FCS + 2% L- Glutamine+ Neomycin sulphate (NS) . 
(4) RPMI + 10% EDS + 2% L-Giutamine + NS. 
MEM and RPMI are commercially available from GIBCO. FCS and EDS 
are available from Hyclone Laboratories. 
Penicyllin streptomycin and neomycin sulphate were added to the media 
during preparation to avoid contamination. According to indications with 
regard to their half-life, these products were inactive by the time cells were 
introduced to the media. 
Oviduct epithelial cells were collected by flushing of the oviducts of ewes 
at 3 and 13 days post pessary removal. Flushing media was DPBS 
supplemented with 10 % FCS. The flush was centrifuged at 400 Xg and the 
supernatant discarded. Ten ml of media was added and then recentrifuged. 
Cells were then seeded evenly into the same treatment groups as the 
trophoblastic cells. 
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All treatments were contained in sealed tissue culture flasks. Flasks were 
gassed before closure with 5% C02, 90 % N02, and 5 % 02. Flasks were 
held in an incubator at 38' C for the length of the experiment (1 0 days). Media 
were changed every 2-3 days based on pH change. Flasks were gassed 
following each media change. 
The bot1om surface of each flask was divided into 30 squares, and 5 of 
them were randomly chosen for observation of cell groW1h. Recordings we re 
taken at 24-hour intervals for a period of 10 days. Values recorded were 
percentages of area covered by cells. Statistical analysis was performed using 
a chi-square contingency table. 
Experiment 2 : 
This experiment was devised to study the effects of two media and two 
type of cells on the development of early embryo cells. Early embryos were 
recovered from 16 Targhee ewes. 
Hormonal treatments for synchronization of estrus and superovulat ion 
were similar to those used in Experiment 1. Surgical procedures were 
performed under total anesthesia in sterile conditions . 
. Three-day-old embryos were recovered from the oviduct by inserting a 
glass cannula through the oviductal wall and flushing with Dulbecco's 
phosphate buffered solution supplemented with 10 % FCS. Embryos were first 
classified according to their developmental stage and then randomly 
assigned to the following treatment groups : 
(1) MEM + 20 % FCS + 2 % L-Giutamine + PS (control group). 
(2) MEM +Dissociated trophoblast cells +20% FCS + 2% L-Giutamine + 
PS. 
(3) MEM + Oviduct epithelial cells + 20 % EDS + 2 % L -Glutamine + PS. 
(4) RPMI1640 + 20% FCS + 2% L-Giutamine + NS (control group). 
(5) RPM I 1640 + Dissociated trophoblast cells + 20 % FCS + 2 % 
L-Giutamine + NS. 
(6) RPM I 1640 + Oviduct epithelial cells + 20 % EDS + 2 % L -Glutamine + 
NS. 
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Daily microscopic observations of embryo stages were recorded. Media 
were changed every 2-3 days depending on pH changes. For the purpose of 
statistical analysis, the records of embryo stages at a) beginning of culture , b) 
day 5 of culture, and c) day 8 of culture were used. 
Embryo classification was based on cell count and morphological 
appearance. Early-stage embryos were classified into 1-cell, 2-cell, 4-cell, 8-
cell , 1 0-cell, and 12-cell stages. Later-stage embryos were classified into 
morula, compacted morula, blastocyst, expanded blastocyst, hatching 
blastocyst , and hatched blastocyst. 
All embryo stages were graded on a scale from 1 to 3, according to their 
morphological appearance. Grade 1 were normal-looking embryos. Embryos 
that showed slightly abnormal imperfections were given a grade of 2. Finally , 
embryos that showed gross or very obvious irregularities were graded 3. 
Statistical analysis was performed using a 3-way factorial design. For the 
purpose of obtaining a numerical value for each embryo's developmental 
stage, a numerical index was devised. A numerical value was assigned to 
each embryo stage in the following manner. 
Degenerate : 0 
1-cell : 1 
2-cell : 2 
4-cell : 3 
8-cell : 4 
Morula : 5 
Blastocyst : 6 
Expanded blastocyst : 7 
Hatching blastocyst : 8 
Hatched blastocyst : 9 
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These values were multiplied by the number of embryos at each stage in 
each treatment and then divided by the total number of embryos in that 
particular treatment. Therefore , an individual index was created for each 
treatment, and these were then compared statistically. 
Experiment 3 : 
A third experiment was performed utilizing the best coculture systems 
found in Experiment 2. Ten Targhee ewes were treated for synchonization of 
estrus and superovulation as described in the first experiment. Recovery of 
day-13 embryos and acquisition of dissociated cells of the trophoblast has 
been described in Experiment 1. 
Oviduct epithelial cells were obtained from 3 Targhee ewes on day 5 
postpessary removal (equivalent to day-3 embryos). The oviductal cell 
cocultures were prepared similarly to the one in Experiment 2. But this time , 3-
day-old embryos were collected along with the oviductal epithelium and held 
during the 1 0-day period of cell growth. 
A total of 14 Targhee and 12 St. Croix ewes were used for early embryo 
collection. Hormonal treatment as well as surgical procedures were as 
described in Experiment 2. Embryos were classified according to stage of 
development and breed . 
Following rinsing, embryos were randomly assigned to the followi ng 
treatment groups : 
(1) Targhee embryos + RPM I + Oviduct epithelial cells (OEC)+ 20 % FCS + 
2 % L-Giutamine + NS. 
(2) Targhee embryos+ RPMI + OEC + 20% FCS + 2 % L-Giutamine + NS. 
(3) St. Croix embryos + MEM + OEC + 20 % FCS + 2 % L-Giutamine + NS. 
(4) St .Croix embryos + MEM + OEC + 20 % FCS + 2 % L-Giutamine + NS. 
No control groups were used in this experiment due to unavailability of 
embryos. However, enough data from past experiments at the USU 
Physiology Laboratory suggests that simple media (without coculture) will 
not allow embryos to develop past 3-4 days in culture. 
Embryos were observed daily and recordings kept on stages at a) 
beginning of culture, b) day 5 of culture, and c) day 8 of culture. Media were 
changed every 2-3 days based on pH change. Only half of the media was 
changed at a time (in all three experiments) . 
19 
Statistical analysis was performed using the data on embryo stage of 
development. A numerical index, similar to the one for Experiment 2, was used 
to assign values to embryo stages. The data were analyzed statistically using 




Early oviduct epithelial cells (OEC): The growth pattern of early OEC 
was affected by the treatments to which they were exposed. Statistical 
differences were found when analyzing the data. 
20 
Media supplementation greatly affected OEC growth. Treatments 
supplemented with FCS, independent of which medium was utilized (MEM or 
RPMI), yielded a cell growth of 100% confluence following 6 days in culture. 
On day 10, the last day of observation , EDS treatments were 64% 
(MEM+EDS) and 83% (RPMI+EDS) confluence. 
Table 1 and Figure 1 show the values for each treatment throughout the 
1 0-day observation period. Values are expressed as percentage of the flask 
area covered by the early OEC. 
TABLE 1. Early oviductal epithelial cell cultures 
Day(a) MEM!FCS (b) MEM!EDS RPMI/FCS RPMI/EDS 
6.8 1.8 5.6 10.2 
2 30.4 2.4 13.4 15.6 
3 66 10.4 43 31 .4 
4 91 23 60 38.8 
5 97 26.2 84 47 
6 100 36.4 100 56.4 
7 100 44.4 100 65.4 
8 100 53 100 72 
9 100 58.8 100 79 
10 100 64 100 83 
(a) Daily changes in cell ccnfluence occured in all treatments. These changes where significant when 
treatments were analyzed daily. 
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Figure1 . Early oviductal epithelial cell culture (early OEC) 
Daily increases in percent cell confluence occurred among four 
treatments but were greater in media supplemented with FCS. Significant 
differences were found when analyzing cell grow1h for each treatment on a 
daily basis. Daily differences were significant (F=1 09.79 at P>.01 ). 
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An interaction between day, supplement, and media occurred. This 
interaction is shown in Figure 1. The shape of the RPMI+EDS and MEM+EDS 
curves clearly indicates that a 3-way interaction is taking place. Figures 2 and 3 
show the comparison of MEM and RPMI supplemented with FCS and EDS. 
Supplementation affected cell grow1h independent of the media used. 
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Figure 2. Early OEC in MEM media 
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Figure 3. Early OEC in RPMI media 
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When media alone were compared, no statistical significance was found. 
Cell confluence was not affected by the media to which the epithelial cells 
were exposed but to the supplementation (EDS or FCS) to which they were 
exposed. 
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Figures 4 and 5 show cell growth in different media supplemented with 
the same serum. Both FCS-supplemented treatments obtained 100% 
confluence by day 6 of culture and promoted a similar pattern of cell growth 
(as observed in Figure 4) . 
Cell growth patterns in media supplemented with EDS were similar when 
comparing MEM and RPM I but were retarded when compared to FCS-
supplemented treatments. In this case, cells did not reach 100% confluence 
following the 1 0-day experimental period (Figure 5). The largest cell 
confluence in EDS treatments was in RPMI+EDS (83 %), while in MEM+EDS 
cells covered 64% of the flask (Figure 5) . 
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Figure 4. OEC growth in MEM and RPMI supplemented with FCS 
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Figure 6. Interaction between media and supplement 
MEM+EDS 
RPMI+EDS 
The statistical analysis revealed another interaction. This interaction, as 
shown in Figure 6, occurred between supplement and media and was 
24 
25 
statistically significant (F=4.718 at P>.05). The evidence of this interaction is 
that the lines do not run parallel to each other. 
Late oviduct epithelial cells (OEC): The growth pattern of late OEC 
differed from the early OEC. Daily changes in late OEC cells were affected by 
media and supplementation differently than the early OEC. 
Table 2 shows the values in percentage cell confluence for each 
individual treatment. Figure 7 illustrates the growth curves based upon 
values from Table 2. 
Table 2. Late oviductal epithelial cell growth in two media and 
two different supplements 
Day (a) MEM/FCS (b) MEM/EDS RPMI/FCS (b) RPMI/EDS 
1 62 18 58 22 
2 83 29 78 27 
3 97 32 94 41 
4 99 43 99 52 
5 100 48 100 60 
6 100 71 100 81 
7 100 85 100 89 
8 100 96 100 98 
9 100 96 100 98 
10 100 100 100 100 
(a) Daily changes in percent cell confluence were significant in all treatments. 
(b) Percent cell confluence in FCS-supplemented media was significantly different from that in 
EDS-supplemented media. 
The comparison of growth in MEM media with two different types of 





80 ..:! c -o-0 
0 




0 2 4 6 10 
Days 
Figure 7. Late OEC cultures in two different media and 
two different supplementations 
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Figure 8. Late OEC growth in MEM supplemented with FCS and EDS 
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No statistical significance was found upon analyzing both media 
independently throughout the 1 0-day experimental period. Media alone did 
not play an important role in the growth of late OEC. 
Cells grew in different patterns in both MEM treatments. Ce ll growth was 
affected by supplementation (EDS and FCS, as observed in Figure 8). 
Figure 9 shows cell growth in RPM!. Cell confluence did not follow a 
consistent pattern. Supplementation was an important factor affecting cell 
growth. 
Cells grown in FCS-supplemented media reached 100% coverage by 
day 5 of culture, whereas it took 9 days in the EDS treatments. 
Supplementation greatly affected cell growth. A significant difference was 
found when analyzing each treatment supplement throughout the 1 0-day 
experimental period (F=96.45 at P>.01 ). FCS promoted a greater rate of cell 
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Figure 9. Late OEC growth in RPM! supplemented with FCS and EDS 
Figure 10 shows late OEC growth in two media supplemented with FCS. 
Although media were different, cells grew almost identically. This pattern of 
cell growth was probably due to supplement effect. Growth in EDS media was 
considerably less when compared to the FCS treatment groups. 
Figure 10. Late OEC growth in MEM and RPM I media using FCS as a 
supplement 
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Figure 11. Late OEC growth in MEM and RPMI supplemented with EDS 
Daily changes in the percentage area covered by late OEC were 
statistically significant for all groups ( F= 212.982 at P >.01 ). In addition , a 
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significant interaction was found between supplement and day (F=39.125 at P 
> .01). 
Certain combinations of supplements and days of culture produced better 
cell growth than others. An example of this interaction occurred on Day 1. 
Fetal calf serum promoted late OEC to multiply and grow faster than EDS. On 
Day 1 0, however, both FCS and EDS yielded the same cell growth. Certain 
combinations of supplements and days of culture produced better cell 
growth . 
Dissociated embryo cell growth (DEC) : The growth pattern of DEC was 
different from that of OEC. Dissociated embryo cells either formed floating 
vesicles (TV) or attached to the bottom of the flask. In the case of the latter, 
cells had a slower rate of growth, covering a maximum of 28 %confluence (in 
MEM+ EDS) after 10 days of culture. 
Cell cultures with FCS grew slightly faster, but differences were not 
significant. The average percentages of area covered by DEC in each 
treatment are shown in Table 3 and Figure 12. 
Table 3. DEC growth in four treatments 
Day(a) MEMIFCS (b) MEMIEDS RPMI/FCS RPMI/EDS 
3.2 1.0 2.2 1.4 
2 3.8 1.6 4.0 1.8 
3 5.2 3.8 6.4 4.2 
4 8.6 5.2 11 .4 8.2 
5 11.6 5.2 15.4 11 .4 
6 11 .8 5.6 15.4 13.8 
7 17.4 6.4 16.8 15.0 
8 19.8 7.4 17.8 15.2 
9 19.8 7.4 17.8 15.2 
10 23.4 9.6 20.2 16.0 
(a) Daily changes in all treatments were sign~icant. 
(b) Values are expressed as percentage of cell confluence. 
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Percentage of confluence generally increased during the 1 0-day 
observation period in all four treatments. Figure 12 shows DEC grow1h in each 
treatment based upon the data from Table 3. Media alone did not affect cell 
grow1h. There was no significant difference when DEC grow1h was compared in 
treatments using the same supplementation. 
Variations in the grow1h pat1ern of DEC indicated that they were not 
similarly affected by MEM, probably due to a supplementation effect. Minimal 
essential media supplemented with FCS promoted DEC to grow faster and 
cover a larger area on the flask. Differences in the effect of supplementation on 
DEC grow1h (in RPM I) were not significant . RPMI supplemented with FCS 
allowed only a slightly larger DEC coverage than RPMI+EDS. 
Upon analyzing each treatment on a daily basis, grow1h of cells took 
place in all treatments. These daily changes were statistically significant 
(F=18.45 at P>.01 ). No significant interactions were observed in this 
experiment. 
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Figure 12. Dissociated embryo cell (DEC) growth in four treatments 
Experiment 2 : 
Thirty-two ewes were synchronized and superovulated. Twenty-five 
were used for embryo recovery. A total of 127 ova were recovered, 
giving an average of 5.08 ova collected per ewe. Fifty-eight ova were 
unfertilized (46% of the total} , and 69 were fertilized (54%). An average 
of 2.76 embryos were collected per ewe. 
All embryos that were between the 2- to 8-cell stages were assigned 
to 1 of 6 treatment groups. Table 4 shows the number of embryos and their 
respective stages in each treatment group at the beginning , Day 5, and Day 
8 of culture. 
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Table 4. 1n...Yi1!:Q. development of 2- to 8-cell ovine embryos cocultured with 
two feeder cell types and in two different media 
Stpeg<iMjDrer1 
beggjrjrg of ru!ture lal 5 days lb) Sdays (bl 
2 4 6 8 10 D M B EB HB H (2) DMBEBHBH 
Treatment( 1\ 
MEM 1 1 3 3 2 7030 100 
MEM+DEC 1 1 6 4 17 17 34 8 8 16 258 
MEM+OEC 5 4 3 34842 8 8 34 
RPMI 4 6 100 100 
RPMI+DEC 8 4 7723 77 
RPMI+OEC 1 6 4 58 17 25 58 
1) Minimal Essential Medium (MEM); MEM +dissociated embryo cells (DEC) ; MEM + 
oviductal ep~helial cells (OEP) ;and RPMI 1640 medium. 
2) D. degenerated; M. morulae; B, blastocyst; EB. expanding blastocyst ; HB, hatching 
blastocyst; and H, hatched blastocyst. 
a) Values expressed at beginning of cu~ure for each treatment are total number of 
embryos at each stage. 






Embryos exposed to media alone (without feeder cell layers) had poor 
development. In RPMI+FCS all embryos had degenerated by Day 5 of culture. 
By Day 8 all embryos in MEM had also degenerated. 
Embryos exposed to media in which feeder cell layers were grown 
showed better development. MEM with dissociated embryo cells (DEC) 
resulted in the lowest number of embryos degenerating (35 %) and the 
highest percentage reaching the hatched blastocyst stage (67 %). MEM with 
oviduct epithelial cells (OEC) was similar to MEM+DEC in promoting embryo 
development . After 8 days in culture , 66 % of treated embryos developed to 
the hatched blastocyst stage, 8% were retarded (still in morula stage), and 
34 % had degenerated. 
RPMI did not promote embryo development as well as MEM. In RPM I + 
DEC , 23 % of the embryos developed to the expanded blastocyst stage. All 
the others (77 %) had degenerated by Day 5 of culture. More embryos 
underwent development in RPMI+OEC . On Day 8, 34 % of the embryos 
developed to the hatched blastocyst stage, and 8 % were hatching. 
There was a significant difference in development of embryos grown in 
MEM and RPMI media. MEM had the largest number of embryos developing to 
the hatched blastocyst and resulted in the lowest number of embryos 
degenerating. In RPMI only few embryos developed normally, resulting in the 
largest percentage of embryos degenerating. 
All embryos that were not cocultured with either DEC or OEP cells 
degenerated by either Day 5 or Day 8 of culture. No significant difference was 
found between DEC and OEP treatment groups. 
Figure 13 compares the occurrence of degenerated embryos in MEM and 
RPM I. All treatments in each media were pooled. The percentages of 
degenerated embryos were plotted on Day 5 and Day 8. In MEM the 
percentage of degenerated embryos rose from 38 % on day 5 to 50 % on Day 
8. In the RPMI-treatment groups the percentage of degenerated embryos on 
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Figure 13. Normal embryos in MEM and RPMI (day 5 and 8) 
Figure 14 compares the number of normal and degenerated embryos 
in MEM on Day 5 and Day 8 of culture. On Day 5 a larger number of embryos 
were developing normally than on Day 8. Embryos tended to degenerate when 
cultured periods were increased from 5 to 8 days. In the RPMI culture groups, 
no changes occurred in the proportion of normal and degenerated embryos on 
days 5 and 8 of culture. Both on Day 5 and Day 8 the proportion of normal 
embryos was 23 %, while 77 % were degenerate. 
No significant differences were found among days with regard to embryo 
development. In addition, no statistically significant interactions occurred in 
this experiment. 
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Figure 14.Normal vs. degenerate embryos in MEM on days 5 and 8 
of culture 
Experiment 3 : 
34 
Twenty-seven ewes were used as embryo donors. Fourteen ewes were 
Targhee and 13 were St. Croix. Twenty-eight embryos were collected from the 
St. Croix (2.15 embryos per ewe). Thirteen of the 25 were unfertilized (46 %) , 
and 15 were 1-, 2-, and 4-cell embryos (54 %). 
The number of viable embryos per ewe was 1.15. The number of ova 
collected from the Targhee ewes was 35, an average of 2.5 ova per ewe. 
Fifteen (43 %) of these ova were 2-, 4-, and 8-cell embryos (1 .07 per ewe). 
Twenty ova (57 %) were unfertilized (1 .42 per ewe). Table 5 shows the 
treatment types to which embryos from each breed were exposed. It also 
shows stage of embryo development for each breed and in each treatment 
group during culture . 
Table 5. Embryo development in two breeds of sheep in two media. 
Stage of devekmrneot 
be!Xirioo d ru!ure IAl ~ ~ 
1 2 4 8-reM D M B EB HB H(2) D M B EB HB H 
~ 
MEM..oEC 3 2 3 
RPMI+DEC 2 3 2 
~ 
50 37 13 




MEM..OEC 4 2 1 72 1414 
63 37 
86 14 
RPMI..OEC 4 3 1 63 12 25 
(1) Minimal Essential Medium (MEM); MEM+Oviductal eprthelial cells (MEM+OEC); RPMI 
1640 medium (RPMI). 
(2) D, degenerated; M, morulae; 8, blastocyst; EB, expanded blastocyst; HB, hatching 
blastocyst; H, hatched blastocyst. 
(A) At beginning of culture the values expressed at each cell stage for each treatment are 
total number of embryos at that particular stage of development. 
(B) On days 5 and 8 the values expressed at each cell stage for each treatment are 
percentage of embryos at that particular stage of development. 
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The results observed in Experiment 3 were not as consistent as in 
Experiment 2. These differences were probably due to the fact that OEC were 
exposed to embryos during the initial coculture preparation period. 
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When the OEC cells were prepared for this experiment, embryos were 
flushed along with the OEC, resulting in a slightly different coculture preparation . 
Unlike the OEC growth pattern in Experiment 2, numerous small vesicles 
had formed from the OEC in Experiment 3. Because of the large number of 
vesicles, it was impossible to make a quantitative count. The vesicles were 
removed from the preparation at the second day of OEC culture. 
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Targhee embryos cocultured in MEM+OEC had the best development 
(Table 5). On Day 8, 25 %were hatched blastocysts, 25 %were blastocysts , and 
50 % had degenerated. 
The APMI group, on the other hand, had the poorest results of all 
treatments. All Targhee embryos had degenerated by Day 8 of culture . 
The results obtained with St. Croix embryo cultures were opposite to the 
Targhee ones. The MEM+OEC treatment had the highest percentage of 
degenerated embryos (86 %), while the RPMI+OEC treatment had the lowest (63 
%). 
St. Croix embryos did not reach later stages of development observed 
with Targhee embryos. In MEM, 14 %developed to blastocysts ; while in the 
RPMI group, 12 % were morulae, and 25% blastocysts. No St. Croix embryos 
expanded or shed their zona pellucida. 
No statistical differences were observed when comparing embryo growth 
in MEM and RPMI. Likewise, there were no significant differences of embryo 
development between breeds. There was more development of Targhee 
embryos, particularly in MEM medium, but differences were not large enough to 
be significant. 
There were no significant differences between embryo development at 
each day of observation per treatment group. Also, there were no statistical 
interactions between media and day, media and breed, breed and day, and 





Flushing of the oviduct allows the collection of large numbers of oviduct 
epithelial cells. These cells, when collected on days 3 or 13 postestrus, grew 
readily in culture conditions. Oviduct cells grew on the bottom of tissue culture 
flasks,m forming confluent monolayers in RPMI and MEM media supplemented 
with either EDS or FCS. However, supplementation appeared to play an 
important role in the nutrition of OEC grown in vitro. Media supplemented with 
FCS promoted a faster pace of OEC growth than EDS.Early OEC growth 
reached 100% confluence by Day 6 in MEM+FCS and RPM I +FCS. 
Supplementation also affected late OEC growth. Late OEC exposed to either 
MEM+FCS or RPM I +FCS reached 100% confluence on Day 5, one day earl ie r 
than early OEC. In the late OEC growth , both media combined with EDS 
allowed full cell confluence on Day 10. 
Early OEC, on the contrary, did not reach full confluence in both 
mediawhen EDS was the supplement. The rate of cell multiplication in FCS-
supplemented treatments allows for the preparation of an embryo cocu lture 
system with less time in advance than an EDS-supplemented one. This 
suggests that FCS provides a far better environment for cell proliferation. 
Factors that enable OEC to grow faster in FCS-supplemented media are 
unknown. The growth of DEC prepared from elongating blastocysts was 
affected by the supplementation similarly to OEC. Fetal calf serum enhanced 
the growth of DEC in MEM and RPMI media. Media supplemented with FCS 
resulted in the largest percentage of cell confluence during 10 days of culture . 
Dissociated embryo cells grew at a much slower rate than OEC. 
When preparing DEC culture systems, a larger period of time is 
necessary. Cell dissagregation with trypsin was adequate to prepare a DEC 
coculture system. 
Although at a slow rate, cells grew consistently in culture condit ions. 
Preparing DEC cocultures was similar to Allen and Wright's method (46) in that 
the presence of the embryonic disc did not affect trophoblast cel l 
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multiplication.The trophoblast cell is the predominant cell type in DEC 
cocultures. 
Experiment 2: 
Media for short-term culture of embryos must consist of (1) a balanced 
salt solution , (2) an energy source, (3) a buffer system, (4) a controlled 
atmosphere, and (5) a source of lipids and serum (47), (48). However, even 
when these requirements are met, they do not always ensure normal embryo 
development. In general, both embryo development and viability decrease with 
time in synthetic media, this being particularly evident in early embryos. 
Early embryos are halted in development by what has been called a 
"block." As a result, most studies involving the culture of early embryos have 
had poor results. The inability to consistently culture the early embryo has 
promoted the use of coculture systems. The first major breakthrough in the 
design of a coculture system was achieved by Renard et al. (43). They used 
trophoblastic vesicles in cultured media. This system was very efficient in 
growing early bovine embryos to the morula and/or blastocyst stages. A high 
percentage of early embryos passed through the 8-cell block. Viability 
assessment was based on morphologic criteria and posttransfer survival . 
In this case study, morphologic criteria alone were used to assess 
embryo viability in various coculture systems. Early embryos cocultured with 
either OEC or DEC resulted in a larger percentage of embryos passing 
through the block and developing to the hatched-blastocyst stage. In the contro l 
treatments, in which media alone were used (either MEM or RPMI) , nearly all 
embryos invariably degenerated without the presence of coculture cells. 
Degeneration of many embryos was evident by Day 5 and complete by Day 8. 
These results suggest that DEC as well as OEC provide some stimulus 
and/or protection to the embryos, ensuring continued embryo development. The 
nature of this stimulus remains unknown. 
The medium in which embryos are cultured is an important factor in 
embryo development. MEM+DEC resulted in 67% of embryos developing to the 
hatched-blastocyst stage. The results in RPMI media were significantly lower. 
Only 23 %of the embryos hatched in the DEC coculture treatment, and only 
34 % hatched in OEC. 
The specificity of the action exerted by the media and/or their 
combinations with feeder cell layers is yet to be defined. As suggested by 
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Gandolfi and Moor (6) , the next step in understanding the role of fe eder cell 
layers with particular combinations of media on embryo development should be 
to study the cellular events taking place at a molecular level. Several critical 
phases of embryo development have been identified in embryos cultured in 
vitro. 
At each phase the embryo has specific requirements. In the ovine 
species, the 8-cell block of development is the first obstacle , and it seems to 
coincide with the activation of the embryonic genome. 
Both OEC and DEC coculture systems enable most embryos to pass 
through this critical phase. The next critical phase, as identified by Gandolfi and 
Moor (6) , is compaction and blastulation. Embryos cocultured with either DEC 
or OEC will often pass through this phase with normal development. 
The rate of blastocyst formation in the DEC and OEC coculture systems 
in the MEM-medium treatments exceeded the results obtained by Gandolfi and 
Moor (6) with OEC and Heyman et al. (3). These proven treatments allow a 
larger proportion of early embryos to successfully pass through the block and 
undergo compaction and blastulation. 
Factors that promote embryo growth have been extracted from coculture 
systems in which DEC were grown (45). The positive effect of these substances 
was potentiated by the addition of serum. Therefore, it is thought that an 
interaction occurs between DEC and serum. In addition, Heyman and Menezo 
reported that embryo-cell contact is not necessary for improving embryo 
viability (45) . Media that had previously been "conditioned" by DEC greatly 
improved embryo viability of 1- and 2- cell bovine embryos in vitro . 
Several theories have been proposed on the mechanism ~f action of 
DEC (44) : 
(1) DEC secrete some metabolic compound that is not normally present in the 
genital tract fluids. 
(2) DEC may provide a cleavage-inducing or -regulating signal to embryos that 
enhances their viability. 
(3) Inhibitory effects present in culture (i.e., certain serum compounds) may well 
be neutralized by the presence of DEC secretions. 
40 
Gandolfi and Moor (6) reported that OEC coculture systems greatly 
stimulate ovine embryo development in vitro. Similar to what is known about 
DEC coculture systems, the beneficial factors are unknown. One-to t 0-cell 
embryos had enhanced development in OEC cocultures as compared to control 
groups, which lack OEC. A similar pattern was observed in this study. 
The MEM+OEC treatment group resulted in 66% of the embryos passing 
through the block and developing further to the hatched blastocyst stage. In the 
RPMI+OEC treatment , 42 % embryos bypassed the developmental block, while 
34% hatched and 8% remained as morulae following 8 days in culture . 
Oviduct epithelial cells are thought to secrete embryotrophic factors and 
mimic the natural environment of the genital tract. Before blastocyst formation , 
the mammalian embryo develops in the oviductal environment independently 
from the uterine environment (47) , (48). Therefore , it is the oviduct that provides 
the proper environment for normal embryo development during the early stages 
prior to blastocyst formation. 
It is therefore likely that OEC in coculture secretes factors that play a role 
in cleavage and development of the early embryo. The challenge is to to isolate 
and identify embryotrophic factors produced by OEC. The identification of these 
factors would allow for the design of more effective culture media. Future 
research in many aspects of in vitro embryo development awaits the 
formulation of more efficient media. New techniques in genetic manipulation of 
the embryo and in vitro fertilization would certainly benefit from the formulation 
of more suitable media that would allow a larger proportion of embryos to 
develop normally in in vitro conditions. 
Experiment 3: 
Figure t 8 shows that 23 % of embryos were normal, while 77 % were 
degenerated on days 5 and 8 of culture. The coculture system used in this 
experiment has not been used in the past. 
Embryos were introduced into the coculture system along with the 
flushed OEC at the moment of the coculture preparation. Therefore, the 
epithelial cells from the oviduct were put in contact with early ovine embryos 
before they had a chance to form a confluent monolayer. These embryos were 
between the 1- and 4- cell stages and were removed from the system following 
3 days of exposure. 
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A large number of vesicles composed of OEC were observed in this 
coculture system. These were not present in coculture in Experiment 2. Vesicles 
were also removed from the system following 3 days. Therefore, it appears that 
the early embryos present in a coculture system before OEC have a chance to 
form monolayers and affect the system in such a way that it promotes the 
formation of numerous vesicles. In addition to this, there is a delaying effect 
upon the attachment of OEC to the bottom of the flask. After analyzing the data 
on embryo development in this coculture system, it was observed that early 
ovine embryos developed at slower rates , and following 8 days of cultu re a 
much larger percentage of embryos had undergone degeneration. 
Rate of embryo development was retarded in MEM and RPM! media in 
both breeds. Therefore, it is concluded that the introduction of embryos along 
with OEC suppresses the positive effect on early embryo development 
observed in Experiment 2. The possible causes of this effect are : 
1. The introduction of early embryos with OEC slows down OEC attachment and 
promotes the formation of numerous vesicles. This, in turn , inhibits and/or 
delays the positive effect of OEC secretions on the coculture system. 
2. This type of coculture system does not neutralize inhibitory effects on embryo 
development that are normally present in culture media. 
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Statistical Analysis : 
Experiment 1: Early OEC growth 
s.v QF MS F 
Media 1 1085.7 <1 
Supplement 1 45602 15.101 •• 
MS 1 14246.7 4.718. 
Error A 16 3019.8 
Day 9 1699.1 109.79 •• 
Error B 36 154.7 
MD 9 203.4 <1 
SD 9 1351 .4 5.368 
MSD 9 1017.3 4.041 •• 
Error C 108 251 .7 
Total 199 15983.9 
Experiment 1: Late OEC growth 
sv DF MS F 
Media 1 121 .6 <1 
Supplement 1 42340 96.45 •• 
MS 1 403.2 <1 
Error A 16 438.9 
Day 9 1699.1 212.98 •• 
Error B 36 8525.5 
MD 9 40 <1 
SD 9 37.9 39.125 •• 
MSD 9 2684.9 <1 
Error C 108 68.6 
Total 199 805.2 
• = 0.05 level Of significance 
•• = 0.01 level of significance 
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Experiment 1: DEC 
s~ QE MS E 
Media 1 330.2 <1 
Supplement 1 1166.4 1.266 
MS 1 276.1 <1 
Error A 16 921.6 
Day 9 596.7 18.45 •• 
Error B 36 32.3 
MD 9 20.7 <1 
SD 9 34.7 <1 
MSD 9 26 <1 
Error C 108 37.8 
Total 199 140 
Experiment 2: 
s~ QE MS E 
Media 1 14.6 15.093. 
Cell type 2 12.3 12.715. 
Day 2 0.3 <1 
MCT 2 3.1 3.303 
MD 2 4.5 4.477 
CTD 4 5.1 5.273 
MCTD 4 0.9 <1 
Total 17 4.6 
Experiment 3: 
s~ DF MS F 
Media 1 0.2 <1 
Breed 1 9.1 3.556 
Day 2 1.9 <1 
MB 1 2.4 <1 
MD 2 0.82 <1 
BD 2 2 <1 
MBD 2 2.5 <1 
Total 11 2.3 
• = 0.05 level of significance 
•• = 0.01 level of significance 
